behavior. In Drosophila, this clock neuron network consists of 150 neurons that are spatially distributed across the fly brain, but organized into distinct clusters, which regulate different aspects of circadian behavior [2] . One cluster in particular, the large ventrolateral neurons (l-LNvs), promotes wakefulness, and activation of these neurons has been shown to induce arousal [3] [4] [5] . The electrical activity of these neurons cycles in a clock-dependent manner, with an increased firing rate during the day and reduced firing rate during the night [6, 7] . A key question is how the circadian clock tunes the firing of these l-LNvs clock neurons to promote wakefulness during the day and, alternately, sleep at night?
A new study by Li et al. [8] , reported in a recent issue of Current Biology, addresses this question, using an elegant combination of molecular, genetic, immunohistochemistry, and electrophysiological approaches in Drosophila. Previous work has suggested that the predominant GABA A receptor in Drosophila, Resistant to Dieldrin (RDL), inhibits the activity of the l-LNvs to promote sleep [5, 9] . The authors begin by demonstrating that the levels of RDL protein in the l-LNvs cycle across the 24 hr day, with greater levels of RDL at night. To examine the functional consequences of these changes, they performed whole-cell patch-clamp electrophysiological recordings of the l-LNv neurons and found that fast GABA-mediated currents are correspondingly enhanced at night compared to the day. This cycling of GABA-dependent sensitivity of the l-LNvs suggested dependence on a circadian process, but the underlying mechanisms remained unclear.
GABA A receptors are known to be degraded by the ubiquitin proteasome system, which is a key intracellular pathway that tightly regulates protein turnover [10] . In this system, specific proteins are targeted for degradation by being tagged with ubiquitin through the action of several enzymes, including a ubiquitin E3 ligase. Using both targeted and unbiased approaches, Li et al. found that a particular ubiquitin E3 ligase, Fbxl4, was specifically required for degrading RDL in the l-LNvs. Next, to address the in vivo function of Fbxl4, the authors generated flies carrying a deletion in the Fbxl4 gene. As expected, RDL protein levels in l-LNv neurons are elevated in Fbxl4 mutants in the morning. These data suggest that Fbxl4 is indeed the specific ubiquitin E3 ligase required for regulating dynamic expression of RDL. Li et al. next examined whether Fbxl4 acts downstream of the circadian clock to perform this function.
To address this question, the authors performed immunostaining experiments and showed that Fbxl4 levels cycle across the 24 hr day, peaking at dawn. They further demonstrated that this cycling of Fbxl4 expression was abolished in animals lacking an intact core clock (Clk mutants). The authors performed whole-cell patch-clamp recordings of the l-LNv neurons in Fbxl4 mutants. The l-LNv neurons exhibit rhythmic spontaneous action potential firing, with increased firing at dawn and decreased firing at dusk [6, 7] . In animals lacking Fbxl4, this cycling is lost, with the firing rate of the l-LNvs significantly reduced at dawn. Moreover, GABA A current amplitude is increased in Fbxl4 mutants at dawn, consistent with reduced degradation of RDL in these animals. Thus, Fbxl4 acts downstream of the circadian clock to 
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Dispatches rhythmically regulate GABA sensitivity of the l-LNv neurons, leading to changes in the activity of these cells.
What are the behavioral consequences of these actions of Fbxl4? First, the authors demonstrate that Fbxl4 mutants have intact circadian locomotor rhythms, suggesting that Fbxl4 is not part of the core clock mechanism, but rather is important for specific circadian output pathways. Second, Fbxl4 mutants exhibit increased sleep time and a reduction in the latency to sleep onset, indicating that Fbxl4 is specifically required for the circadian regulation of sleep.
Interestingly, this comprehensive study by Li et al. is reminiscent of previous work also addressing the circadian regulation of RDL in modulating sleep. Liu et al. [11] identified a novel molecule named Wide Awake (WAKE) that acts in a complementary fashion to Fbxl4. WAKE is also a circadian output molecule that regulates RDL levels to modulate l-LNv excitability. WAKE upregulates RDL receptor levels in the early evening, leading to a reduction in the spontaneous firing of these neurons, thus promoting sleep onset [11] . In contrast, Fbxl4 degrades RDL receptors in the late night, resulting in enhanced firing of the l-LNv neurons at dawn and facilitating arousal at this time. Thus, Fbxl4 and WAKE act in concert to regulate GABA sensitivity of arousalpromoting clock neurons, appropriately tuning the propensity for sleep at dawn and dusk, respectively (Figure 1) .
While the work of Li et al. [8] provides a number of exciting new insights into how the circadian clock regulates sleep, a number of questions remain. Although there is now compelling evidence that the circadian clock modulates the activity of l-LNv neurons by regulating GABA receptor levels, what is the source of the GABA signal itself? Does this GABA signal also exhibit rhythmic oscillations and if it does, is it also under the control of the circadian clock, or other influences, such as a sleep homeostat that encodes sleep drive? Another question relates to the direct control of sleep/wake circuits by the molecular clock. In addition to these studies on Fbxl4 and WAKE, recent work has also shown that the core clock directly regulates histaminergic signaling from arousal-promoting tuberomammillary neurons in mice [12] . Thus, while there is growing evidence that the circadian clock directly regulates wake-promoting circuits, it remains unclear whether the circadian clock directly regulates sleep-promoting circuits.
So what does this all mean for those tired, jet-lagged travelers who are attending scientific conferences around the world? What is clear is that the mechanisms of the core circadian oscillator are largely conserved throughout the animal kingdom, including humans. Indeed, mutations in the canonical core clock genes have been demonstrated to cause circadian rhythm sleep disorders causing severe 'morning lark' and 'night owl' tendencies [13] [14] [15] . It remains to be determined whether the circadian output mechanisms regulating sleep are functionally conserved from flies to humans. Fbxl4 is conserved in mammals, although its role in sleep is unknown. Interestingly, WAKE has a single homolog in mammals, and in mice, it is enriched in the suprachiasmatic nucleus (SCN), which is the circadian pacemaker in mammals [11] . This observation suggests that the function of WAKE in circadian regulation of sleep may be conserved. From a broad perspective, there may be translational implications for developing a better understanding of circadian output mechanisms. Given the seemingly ubiquitous role of the core circadian clock in regulating animal physiology and behavior, there may be therapeutic advantages to specifically targeting circadian regulation of distinct downstream processes. Schematic illustrating circadian regulation of sleep/wake transitions by tuning the excitability of an arousal-promoting circuit. Levels of the inhibitory GABA A receptor, RDL, are oppositely regulated by two different clock output molecules, Fbxl4 and WAKE, in l-LNv neurons. The ubiquitin E3 ligase Fbxl4 acts at dawn to facilitate degradation of RDL, leading to increased firing of the l-LNv neurons and promoting the switch from sleep to wakefulness. Conversely, levels of WAKE rise at dusk to upregulate RDL levels and inhibit firing of the l-LNv neurons, thus facilitating the transition from wakefulness to sleep.
Blocks to polyspermy are thought to be universally adaptive because they prevent lethal genome imbalance and chromosome segregation defects. However, two recent reports show that plants with two male parents are viable and could contribute significantly to polyploid speciation.
Large numbers of motile sperm are generated by most animal species to maximize the probability of successful fertilization of the egg ( Figure 1A ). In contrast, flowering plants generate pollen tubes, which each carry two immobile sperm cells deep into the maternal tissues of the ovary to achieve fertilization of female gametes within an ovule [1] . During flowering plant double fertilization, one sperm fuses with the egg to generate a diploid embryo, while the second sperm cell fertilizes the central cell forming the triploid endosperm ( Figure 1B) , a tissue which, like the mammalian placenta, nourishes the early stages of embryo or seedling development.
Fertilization of an egg by multiple sperm (polyspermy) is thought to be lethal in animals because it causes gene dosage and centrosomal imbalances. Consequently, fast and slow mechanisms have evolved that block subsequent sperm fusion after initial fertilization [2] ( Figure 1A ). An immediate electrical block occurs in some species due to depolarization of the egg membrane upon initial sperm fusion [3] . A slow block triggered by calcium transients comprises a cortical secretion reaction that generates a fertilization membrane that walls off the fertilized egg [1] .
Whether plants mount similar blocks to polyspermy has remained unclear because egg cells are buried deep in floral tissue, making direct analysis challenging. In vitro fertilization experiments suggested that rapid initiation of cell wall formation following fertilization could prevent polyspermy, but these experiments need to be interpreted with caution [4] . On the other hand, there is evidence that pollen tube delivery of sperm is regulated to ensure that only a single pair is delivered to female gametes. In eudicots such as Arabidopsis, successful fertilization prevents additional pollen tube attraction to female gametes [5] and only in cases when fertilization fails will a second pollen tube be attracted [6] . This block to polytubey (arrival of multiple pollen tubes at one set of female gametes) does not appear to be fast (taking minutes or even hours) and in maize and other grasses, multiple pollen tubes compete and grow at high speed towards ovules, sometimes releasing multiple pairs of sperm.
Two recent papers use elegant classical [7] and molecular [8] genetic
